Transition metal dichalcogenide MoTe 2 is an important candidate for realizing the newly predicted type-II Weyl fermions, for which the breaking of the inversion symmetry is a prerequisite. Here we present direct spectroscopic evidence for the inversion symmetry breaking in the low temperature phase of MoTe 2 by systematic Raman experiments and first principles calculations. We identify five lattice vibrational modes which are Raman active only in the low temperature noncentrosymmetric structure.
Layered transition metal dichalcogenides (TMDs) have attracted extensive research interests due to their intriguing physical properties for both fundamental research and potential applications in electronics, optoelectronics, spintronics and valleytronics [1, 2] . So far most of the research has been focused on semiconducting TMDs with hexagonal or trigonal (2H or 1T) structures which show strong quantum confinement effects in atomically thin films.
In recent years, TMDs with monoclinic 1T and orthorhombic T d phase have been proposed to be important host materials for realizing novel topological quantum phenomena, e.g. quantum spin Hall effect [3, 4] and Weyl fermions [5] . Weyl fermions were originally introduced in high energy physics by Hermann Weyl [6] , and their condensed matter physics counterparts have not been realized until recently in Weyl semimetals in the TaAs family [7] [8] [9] . Weyl fermions can be realized by breaking either the time reversal symmetry or inversion symmetry of a three dimensional Dirac fermion such that a pair of degenerate Dirac points separate into two bulk Weyl points with opposite chiralities, which are connected by topological Fermi arcs when projected onto the surface. Recently, it has been predicted that with space group Pmn2 1 [5] . However, it is challenging to observe the extremely small Fermi arcs in WTe 2 due to the small separation of the Weyl points (0.7% of the Brillouin zone). Weyl fermions have also been predicted in the low temperature phase of MoTe 2 with much larger Fermi arcs [10, 11] , and signatures of the Fermi arcs have been suggested in a combined angle-resolved photoemission spectroscopy (ARPES) and scanning tunneling spectroscopy (STS) study [12] and other ARPES studies [13] [14] [15] [16] [17] . The existence of Weyl fermions has been relied on the assumption that the low temperature phase of MoTe 2 is isostructural to the noncentrosymmetric T d phase of WTe 2 [10, 11] . The high temperature monoclinic 1T phase with an inclined staking angle of ∼ 93.9
• has a centrosymmetric P 2 1 /m space group. Although a temperature induced structural transition with a change in the stacking angle from ∼ 93.9
• to 90
• has been reported both crystallographyically [18, 19] and computationally [20] , there are two possible space groups can be assigned to the low 2 temperature orthorhombic phase -noncentrosymmetric Pmn2 1 and centrosymmetric Pnmm [18] . Previous X-ray diffraction study was limited to resolve the subtle differences between these two space groups to provide conclusive evidence on the inversion symmetry [18] . Recent breaking during phase transition in MoTe 2 . Since the noncentrosymmetry is a prerequisite for realizing Weyl fermions for non-magnetic materials, it is critical to reveal the inversion symmetry breaking from spectroscopic measurements which are directly sensitive to the crystal symmetry.
Results
Polarized Raman spectra. In this paper, we provide direct experimental evidence for the inversion symmetry breaking in the low temperature phase of MoTe 2 and study its evolution across the temperature induced structural phase transition using Raman vibrational spectroscopy. Our Raman measurements reveal the emergence of five Raman and IR active modes in the low temperature phase, and they are in good agreement with first principles calculations and symmetry analysis of the T d phase. These peaks are however absent in the can be a good candidate for studying the temperature induced topological phase transition.
Figure 1(a) shows a comparison of the low temperature (solid) and high temperature (shadow) phases with corresponding space groups of Pmn2 1 and P 2 1 /m respectively. They share almost the same in-plane crystal structure with zigzag Mo metal chains and distorted
Te octahedra. The structural phase transition is revealed by an anomaly in the temperaturedependent resistivity [21] , which occurs at ≈ 260 K upon warming and ≈ 250 K upon cooling ( Fig. 1(b) ). Table 1, and Table 2 ) indicate that the A g modes in 1T phase can be observed in the aa, bb, cc, and bc configurations, whereas the B g modes can be observed in the ac and ab configurations. To obtain all possible phonon modes at low wave number in the 1T phase, we performed Raman measurements in the cc, ac, and ab configurations at 300 K. The azimuthal dependence of the Raman peak intensities for A g and B g modes (see Supplementary Figure 2 ) further confirm the good alignment [22, 23] .
Eight sharp peaks of pure A g modes are detected in the cc configuration and all the six B g modes are found in the ac and ab configurations. The sharp peaks observed are due to improved sample quality and more peaks can be resolved clearly. In the T d phase, the A 1 modes can be observed in the aa, bb, and cc configurations, whereas the A 2 , B 1 , B 2 modes can only be observed in the ab, ac, and bc configurations, respectively. The signal leakage of A 1 in other polarization configurations is likely due to the imperfect cleavage of ac and bc surfaces from plate-like samples, but this does not intervene the conclusion. In the low temperature phase, we observe six pure A 1 modes in the aa configuration, five A 2 modes in the ab configuration, three B 1 modes in the ac configuration, and six B 2 modes in the bc configuration. Similarly, nonlinear optical method was employed to reveal the lack of inversion symmetry in few-layer MoS 2 and h-BN [24, 25] . First-principles calculations. To determine the phonon frequencies, we performed first-principles calculations of the phonon modes at the zone center using the Vienna abinitio simulation package (VASP) [34] with the local density approximation (LDA) [35] and the projector augmented wave potentials (PAW) [36] . We set a 4×8×2 Monkhorst-Pack k-point mesh and 400 eV cutoff for plane waves. The coordinates and the cell shape in Ref. 19 have been fully relaxed until the forces acting on the atoms are all smaller than 10 −4 eV/Å. We use the phonopy package [37] , which implements the small displacement method to obtain the phonon frequencies and vibration modes at the Γ point.
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